AN.IEMIA IN INFANCY: ITS PREVALENCE AND PREVENTION 1j9
of errors in feeding, either quantitative or qualitative; others attended with constipation, bronchitis, sore throat or other minor maladies, and a few were convalescent from some more severe illness.
Attendance. In some of the tables given later a certain number of infants wN-ho attended only once are included, but with the great majority the periods of attendance varied from 1 to 12 months, and some longer. Attendance was, on the whole, fairly regular, although its frequency varied greatly. Thus during a period of food adjustment an infant might be seen twice-or three times in the week, but when progressing satisfactorily the mother was asked to come at weekly, fortnightly or monthly intervals. At each visit, the child was weighed and was seen by the author, full notes being kept of its condition and progress. Infants ordered light treatment were expected to attend three days weekly in the Light Department 8 General advice on hygiene and management was the same for all groups and was given by the writer.
Diet. In an investigation on anaemia the character of the diet is of importance. Two main dietetic groups were studied.
(1). Artificially fed infants. For these children the diet was wholly or chiefly artificial from the early months, though some cases received partial breast feeding until well on in infancy. To infants under eight months of age a fairly high percentage of the total caloric needs was given in milk with the idea of minimizing the risk of unsuspected deficiencies in any of the less well understood food constituents. Full cream dried milk (a roller-process milk), was used and cane sugar added. Usually between 70 and 85 per cent. of the total calories were supplied as dried milk, though this might occasionally sink to 60 per cent. for short periods. Thus the amount of milk given before mixed feeding was begun varied with the age and size of the child up to a maximum of about 2-lbs. of dried milk in the week, say, the equivalent of about 14 pints of fluid milk daily. Generally speaking, an infant of about 10 lb. consumed at least 1 lb. of dried milk weekly, the equivalent of nearly 1 pint of fluid milk daily. The amount of sugar varied from 6 to 9 drachms (90 to 135 calories), in the 24 hours. Young infants received a higher percentage of sugar than older ones.
All infants were ordered one or more teaspoonsful of orange or tomato juice daily, as well as cod-liver oil throughout the winter months.
It is well recognised that prolonged exclusive milk feeding may cause anaemia. In this investigation, however, mixed feeding was begun younger than is frequently advised. Between 8 and 9 months of age the daily consumption of milk was reduced to about 1 to 1-pints, and other foodstuffs were added to the diet, including eggs, three or more weekly, gravy, soup, fish, vegetables and a daily ration of fruit. At 12 months meat on three to six days in the week was ordered. On the whole, advice regarding diet appeared to be fairly satisfactorily carried out; that is, the kind of food advised was given.
(2) Breast-fed infants. The other main dietetic group consisted of children entirely breast-fed until 7 months of age or later. Many of these were given cod-liver oil and orange juice. The feeding advised from 8 months onwards was the same as for artificially fed infants.
AIRCIIIVES 0OF DISEASE IN CHILD)H0Ob
The infants at the General Lying-In Hospital were fed on similar lines, blut the diet of those at the Infants' Hospital and in Vienna was different and will be considered later.
HAEMOGLOBIN ESTIMATIONS.
The total number of hbemoglobin estimations on which this paper is based is 2,561, all done by Haldane's9 method. Haldane's standard tube is so calibrated that 100 per cent. represents an oxygen-combining power of 18 5 c.cm. or 13 grm. of haemoglobin per 100 c.cm. All the estimations at the Queen's Hospital for Children and the Bethnal Green clinic were made by one observer, Miss L6rel Goodfellow, and numbered 2,228. The blood was taken in the forenoon from a prick in the heel, precautions being taken first to warm the foot. Whenever possible, the estimations were repeated for each cbild at monthly intervals. When the colour of the tubes was being matched, the previous reading was, as a rule, unknown. The estimations at the General Lying-In Hospital were also made by Miss Goodfellow, and those at the Infants' Hospital and in Vienna by the author using the same method. From observations made in Vienna, the author is of opinion that even when precautions are taken to warm the part, the average haemoglobin estimation obtained by pricking an infant's heel is distinctly lower than that obtained by pricking the ear. This is presumably due to a difference in the capillary circulation, but as all estimations in this series were made from the heel, this factor need not be considered further. THE EFFECT OF THE MERCURY VAPOUR QUARTZ LAMP ON THE HAEMOGLOBIN LEVEL OF ARTIFICTATJY FED INFANTS. The first comparison was made between a control group of artificially fed infants and a similar group treated with the mercury vapour quartz lamp, the form of lamp most commonly used in this country for the treatment of infants. These two groups were followed up for thirteen months, from October 1925 to October 1926 inclusive. The general progress and the average haemoglobin percentage of the blood of the two groups were compared, but in this paper onlv the latter will be considered as it has alrea-dy been shown8 that there was little difference in rate of weight increase or in the number of intercurrent illnesses in the two groups, and that such differences as there were, were not all in favour of either the one or other group. Full details of treatment are given in the previous paper.
The control cases whose blood was examined numbered 218, and the cases given light treatment 66. Only those receiving a minimum of five light treatinents per 4 weeks have been included. A few cases are included first in one group and then in the other. In each month a certain number ceased to attend and others were included, so that comparatively few cases could be followed up for the whole thirteen months. The variations in the haemoglobin level can most easily be studied in charts whenever the number of observations is sufficient to give a satisfactory average. Under each chart will be found figures indicating the number of observations upon which each average is based. For the present we are concerned with a comparison between light cases and their controls, and the significance of the curves obtained will be discussed later. These when first seen were, for the most part, sub-norinal in fact, they were similar in type to the artificially fed infants. An infant was counted as breastfed if it received nothing but breast milk until 7 months of age, supplements of fruit juice or cod-liver oil niot being taken into consideration. Chart XII shows the average hremoglobini level for each month of age. The type of curve,
(irregular on account of the small numbers), is, on the whole, similar to that of the artificially fed infants, but is higher at every age. At what may be regarded as the critical points of the curve, i.e., at two months, five months and twelve months, it is more than 5 per cent. higher; nevertheless, after the first month of life it reaches 75 per cent. only between five and seven months of age.
COMPARISON OF THE CONTROL GROUPS WITH OTHER G(ROUPS OF INFANTS.
The infants so far considered were all out-patients either at the Queen's Hlospital for Children or at a cliniic for ailing children. The criticism may, therefore, be made that in spite of suggestions to the contrary, these do not give ( 
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group.bmj.com on June 23, 2017 -Published by http://adc.bmj.com/ Downloaded from values in(licate(l anaemia, but the anaemia was due to some dietetic defect other than iron deficienev, or to repeated minor attacks by micro-organisms, then again no great effect was to be expected from iron treatment.
Iron salt uxse(l. The salt uised was iron and ammonium citrate. This was ehosen on account of its ready solubility and easy toleration. A sample was kindly examine(d by Dr. S. S. Zilva, who found it to be a pure salt and to contain 20 8 per cent. of iron. Recent experimental work indicates that the iron preparations in common use differ greatly in therapeutic value, and the choice of a salt is, therefore, of considerable importance. Mitchell It was fotund wise to warni mothers that the stools would be dark, and there were occasional complaints that it increased the odour of the stools. Older infants occasionally tired of the dried milk.
A record was kept of each packet of medicated ' Cow & Gate " milk sold or given to a mother, and as there was little likelihood of the food being thrown down the sink, in contradi 3tinction to the possible fate of medicine, it became possible to estimate accurately the amount of iron and ammonium citrate consumed by each infant. Many mothers fetched the child's weekly supply of dried milk with absolute regularity. 
infants started with an average of 57 9 per cent., and rose steadily in the course of six months to nearly 80 per cent., an average increase of over 20 per cent., though in the previous four months they had shown an average drop of 6 per cent. This curve is constructed not from selected iron cases, but from every case having iron during this period and attending for hsemoglobin estimations. Of the 35 cases, only one showed no increase in hasmoglobin percentage, and that case had no iron for four out of the six weeks under observation.
B. Cases treated in 1926-27. These were artificially fed and of the same type as to the control series of 1925-26. They were not selected anaemic infants, and the average initial haemoglobin percentage was almost identical with that of the controls. They numbered 132, of whom about 60 were infants who had been included in the control series before October, 1926. foutr were infants under two months of age whose initial haemoglobin level was 83 per cent. to 110 per cent.; eight were known to have had very little iron for the preceding month, and one was a case of acute mastoiditis.
THE EFFECT OF IRON ON GENERAL HEALTH. The infants receiving iron were strikingly better in colour and looks thall the control groups : not only that, but they looked healthier than any group of working-class infants the author has yet observed in London. Though the improvement in appearance was unmistakable, it is desirable to ascertain w-hether this was accompanied by any improvement in growth aind in resistance to infection.
Resistance to infection. A comparisoni of the amount of intercurrent illnless in two groups of outpatient infants attending at varying intervals must necessarily be subjective and open to fallacy: still, it is worth attempting. In order to secure sufficient numbers, infants observed in 1925-26 were used to control the iron-treated cases of 1926-27. This has the obvious disadvantage that an epidemic might completely mask the true conclusions as to the incidence of infection in the two groups. The mortality rate is not necessarily a true index of the morbidity rate, but with infants it seems legitimate to assume that any marked change in the morbidity rate for respiratory or gastro-intestinal disorders would be reflected in the mortality rate. A calculation based on the Registrar General's weekly returns shows that the average weekly deaths of infants in London from all causes (including deaths from diseases of the respiratory tract and from gastro-enteritis) did not differ markedly during the two winter periods under consideration, anid it is assumed, therefore, that these periods are comparable. The two summer periods, however, differed in that the deaths from gastro-enteritis were twice as many in 1926 (the control period) as in 1927, and no deductions can, therefore, be made fromi the figures for the incidence of this disease in summer (Table C) . In compiling Tables D and E, the author counted as an illness any disturbance of health which caused a definite flattening of the weight curve or loss of weight, as well as all attacks of otorrhcea and all specific fevers which necessitated a suspension of attendance. No case in the iron series has been included which had previously been included in the control series, since it was known that these had improved in general health while under observation in the control group. The Tables show both winter and summer results, and give separate figures for the diseases of the respiratory tract, of the digestive tract, and for total attacks of illness. The total morbidity rate of the iron cases both in winter and in summer is about 50 per cent. of that of the control cases (Table E) ., and a reduced morbidity is present in each group of diseases. For respiratory diseases the comparison proves so strikingly in favour of the cases treated with iron (the incidence being approximately half), that the difference can scarcely be attributed to chance. The figures obtained for gastro-enteritis are less convincing on account of the differing mortality rates during the two periods, but the winter figures suggest that here too iron has diminished the incidence of the disease. Rate of Growth. To compare the rate of growth, the same groups of cases were uised, i.e., the iron cases who had not previously been incltuded in the control group were compared with the whole control group (see Appendix 11).
The average period of attendance was longer in the iron group, which makes a fair comparison difficult. Table F shows that both groups starte(d 18 per cent-19 per cent. under normal weight, and that whereas controls iinproved by 6 9 per cent., iron cases improved by 12 4 per cent., i.e., they caught up on the normal by nearly double as much, though in a longer period. DIscussioN.
T'he ntormal percentage of hwemoglobin in the blood in, inifanc'y.
It is reasonable to assume that giving iron by miiouth will niot raise tile lhaimioglobin level above the normal: consequently it may be conclude(d that the normal after three months of age is not less than 80 per cent. Concerning the earlier months no definite conclusion is possible from this work except that at two months the normal is probably over 70 per cent. since the average of the breast-fed infants was 714 per cent. at this age, and these were not a selected healthy lot. The author hopes, however, to be able to pursue the question further in the future.
The prevalence of ancemia.
If these conclusions hold good, and the normal after three months of age be taken as 80 per cent., then nearly all the infants in the samples of population cxamined showed some degree of aneemia. It is true that in many individual cases this was slight, but in a considerable number the h.moglobin percentage was reduced to three-quarters or less of the normal. This was so in 14 per cenlt. of all infants at the General Lying-In Hospital Welfare Centre and in 12 per cent. of the artificially fed infants when first seen at the Queen's Hospital for Children and the Bethnal Green Clinic. Examination of the complete figures for the control cases reveals the fact that 25 per cent. of these artificially fed infants fell below three-quarters of the normal haemoglobin percentage at some time when examined during the first two years of life (see Table A ). If, as the author believes, these samples of artificially fed infants are representative of those attending welfare centres, then the great majority of bottle-fed London infants are anmemic.
As regards breast-fed infants, the evidence is less conclusive, but is sufficient to suggest that a very large proportion of these, particularly after eight months of age, are also anaemic. No evidence concerning other areas of the British Isles is given, but the appearance of London infants compared with those in other parts of Britain would not suggest that London is peculiar in its anmemic babies.
£tiological factors in this type of ancemia.
The haemoglobin age curve has been shown to have a double drop, the first lasting till two months old, the second beginning about five or six months old. The first drop, like the second, appears lower in artificially fed than in breast-fed infants, and greater in those of low birth weight than in bigger babies ; but the present investigation can offer no evidence as to the cause of the first drop.
The second drop, from five months old onwards, can be eliminated by the administration of iron; in fact, the whole level of the curve from four months old can be raised by this means.
What etiological factors are atwork in bringing about the prevalent anaemia in infants from four months old onwards ? We are not here concerned with the child who is acutely ill with some septic or other infection, with one of the primary blood diseases, with nephritis or with sarcoma, but with the anaemia prevalent among infants in fair general health. Holt states that the commonest causes of ansemia in young children are " improper feeding, rickets and unhygienic surroundings."
Hygiene. The facts that the disease was shown not to have a well marked seasonal incidence, and that treatment with the mercury vapour quartz lamp had no prophylactic or curative effect, proved that lack of ultra-violet light was not an important aetiological factor. Moreover, outdoor life with the attendant exposure to fresh air and improvement in general health did not cure aneemia which had already developed.
Diet. It is well known that prolonged and exclusive milk feeding and grave errors in diet, such as lack of anti-scorbutic, cause anaemia. This investigation has shown that anaemia develops with many types of feeding in widespread use, e.g., breast milk, fresh and dried cow's milk, with low, medium or high carbohydrate additions, as well as with " humanized " feeds, so that it cannot be said to be associated with any one type of feeding.
Vitamin insufficiency has been suggested as a cause of widespread aneemia, but in the present cases the anaemia could be prevented or cured without altering the quantity of any vitamin in the diet. It developed in spite of the supply of vitamin-A in cod-liver oil, vitamin-D in cod-liver oil and through ultra-violet light treatment, vitamin-C in fruit juice, and vitamin-B and presumably E in a liberal milk allowance. In view, however, of the great emphasis laid upon rickets as a cause of anwemia, it should be stated once more that the incidence of anaemia in the Vienna investigation was not greater in the group of infants developing rickets than in those protected from rickets. Whether vitamin-D deficiency plays a part in the splenic anaemia of infancy is still unknown.
Czerny14 and others have c iuphasised that a toxic effect from cow's milk fat plays an important part in the production of anaemia in infants. The present investigation shows clearly that the ansemia under consideration can be prevented or cured without altering the quantity of milk or of milk fat in the diet.
iront. So mluch for negative evidence. The positive evideince concernis iroin. Its prophylactic and curative effects support the view that deficienlcy of iron is the main aetiological factor in the anaemia demonstrated to exist so widely in infancy from four months of age onwards. Its administration brought about an increase in hmoglobin in 81 per cent. of artificially fed infants, and the author's de(luction is that all these children suffered from iron (leficiency. It is well known that during the period of milk feeding an infant is largely dependent for its iron needs on the store laid down in the liver before birth. In the prematuire, this store, being very small, is rapidly exhausted; hence the chief cause for the early andl severe aniemia which occurs in all premature infants. Is this store deficient also in other infants ? Possibly an investigation now in viewN may give evidence on this point. The greater amount of anaemia present in artificially fed infants than in those of the same type on the breast is presumably associated with the smaller percentage of iron in, cow's milk and a smaller percentage retention. This investigation provides no evidence as to whether there is any associated factor concerned in iron metabolism.
Iron treatment of anaemia is, of course, nothing new, but it is not generally kiio-nm that without iron medication the great majority of artificially fed babies beconme aneamic, and that with it an improvement can be brought about in over 80 per cent. of such infants.
Effect of iron deficiency ont the general health of the infant p)opulation.
The administration of iron brought about a striking improvement in the general health of artificially fed infants as evidenced by improved appearance ancd increased resistance to infectionl. The statistical evidence as regards weight is not conclusive, but so far as it goes, is in favour of the iron cases. This shows that iron deficiency is at the present time responsible for a great amount of illhealth, and probably for a considerable number of infant deaths resulting from poor resistance. The administration of iron should considerably diminish the yearly toll of deaths from broncho-pneumonia, which is so often secondary to diseases of the upper respiratory tract and bronchitis.
Prophylaxis of aniemia.
Artificially fed babies should be given iron before two inonths old (see Chart XV), as otherwise the infant will probably develop an2emia. Moreover, the sooner iron therapy is beguin the higher the general level of hoemoglobin is likely to be. Iron and ammonium citrate is an effective salt ; possibly the poor results recorded from iron therapy in alimentary anaemia by some writers is (hue to their use of some other less active salt. Iron treatment should be continued throughout infancy as it has been found that omission of iron even for a few weeks may be associated with a (drop in the heemoglobin.
AMany breast-fed babies also require iron treatmlent.
Iron administration to bottle-fed infants on a large scale throughout the couintry could be most easily carried out by a small addition of iron to dried milk as this form of milk is already very widely used in infant feeding, and by such a method the chances of reguilar administration are greatly enhanced. This l111l ARCHIVES OF DISFEASE IN (H ILI-lOO1) . The author is particularly indebted to Miss Lorel Goodfellow who has co-operated in the work througlhout and has carried out all the blood examinations. Generotus help has also been received from many persons to whon the author offers her very sincere thanks. Professor IMajor Greenwood, F.R.S., and Miss E. M. Newbold, M.Sc., have examined statistically the children's weights and many of the data on the haemoglobin of the blood; Sister F. M. Westbrook has had charge of the light treatment and the infants' charts at the Queen's Hospital for the Children, and she and the nurses working with us at the Hospital and at the Bethnal Green clinic have given us their unstinted help throughout the two years of ouir work. Chart V shows the mean haemoglobin values for each calendar month of the year separately for babies who had, and who had not, light treatment, and also for both groups combined. There is not much evidence of any seasonal variation, except for some suggestion of lower values in the early summer-especially in May among the light cases. Before testing the significance of this it seemed well to see how much the variation might be due to varying ages and varying lengths of treatment in the values for the different months. Charts IV and VI show the liemoglobin measures according to age for the two groups and for both combined-the later values with few observations are of course of little value, but the broad resemblance between the light and non-light curves in the first year of life suggests that for the earlier months the shape of the curve is reliable (see the following section). Chart I shows the hkemoglobin measures for varying lengths of treatment. Over the range where there are enough observations the curves are very flat, especially that for light and non-light combined, so that correction for length of treatment would hardly be worth while.
From the figures for the combined age curves, the " expected " values of the hsemoglobin measure for each calendar month were calculated on the basis of the ages of the babies in that month. The deviations of the observed haemoglobin measure from the " expected " thus calculated were found and are plotted on Charts X and XI. When light and non-light cases are combined there is again little evidence of seasonal effect. When they are taken separately, the light group still shows a low value for May. The mean deviation for haemoglobin for May is -3.5 but its standard deviation is 1 5, so that it may quite easily be a chance fluctuation from the value -73 which is the mean deviation for all the calendar months together. Thus unless the suggestion of a drop in the haemoglobin value in the early summer in light cases is confirmed on other data, we cannot attach any weight to it, as we might on these numbers easily get a variation of this order by chance.
Reliability of the Variation of the Hcrmoglobin Level with Age.
The mean values of the haemoglobin measure for different months of age are given in The following method was adopted to compare the increase in weight of the group of infan's getting iron with that of the control cases:
(a) Taking Griffith's weight curve as the standard of normal, the weight of each infant at the beginning and at the end of the period of observation was expressed as a percentage of the normal.
(b) The percentage of relative weight was averaged, (1) for control cases, and (2) for iron cases, for the beginning and for the end of the periods of observation respectively.
(c) The difference between the average relative weight at the beginning and at the end of treatment for each group gave the average increase in weight for that group.
Some infants after a period in the control group were given iron (see pp. 133-4). It was found that these infants were, when first given iron, for the most part, older and nearer normal weight than the controls at the beginning of their periods of observation, and their improvement in weight while on iron was considerably less than that of the younger infants whose weight at the outset was much further removed from the normal. In the endeavour, therefore, to obtaiin a fairer comparison of weights, all infants previously in the control series were excluded from the iron series selected for weight compariosn. The results are shown in Table F . This shows that both as regards age and weight the two groups were comparable at the beginning of treatment, but the period of observation for the iron cases was longer than that of the controls. At the end of the period of observation, the control cases averaged about 87 per cent. of normal weight anid the iron cases about 94 per cent.; the iron cases having approached the normal weight curve by 12-3.5 per cent. and the controls by 6 93 per cent,
